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camera. Combining this with a recently developed multi-emitter fitting
algorithm and optimized imaging condition, we show that this technique
shortens the typical acquisition time for fixed samples by up to two orders of
magnitude without compromising the field of view. Furthermore, we demon-
strate video-rate super-resolution microscopy of live cells by monitoring the
transient clustering events of transferrin receptors with a reconstructed frame
rate of 32 fps.
The here presented method allows to replace EMCCD cameras with SCMOS
technology and record faster and more precise super-resolution images without
compromises.
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We combine single molecule photobleaching with super-resolution fluores-
cence imaging to count the absolute number of proteins in small oligomers
using PALM.
First we employed single molecule imaging and stepwise photobleaching of
fluorescently tagged glycine-gated ion channels (GlyR), to determine subunit
stoichiometry of this neurotransmitter to be 3a1:2b (Durisic et. al JNeuroSci
2012). Then the channel was used as a template to precisely characterize
photoactivation and photoconversion efficiency at the single molecule level
of most commonly used fluorescent proteins in PALM microscopy. using
stepwise photobleaching we characterized the effects of dense sample labeling
and determined that only a subset of fluorescent proteins can be efficiently
photoacivated or photoconverted. We could then directly relate these results
to the number of GlyR subunits per channel counted by means of PALM
microscopy. Our findings have important implications for super-resolution mi-
croscopy, particularly in the context of quantitative imaging and co-localization
in multi-color super-resolution experiments.
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The human genome contains more than 800 G protein-coupled receptors
(GPCRs); overall, 3-4% of the mammalian genome encodes these molecules.
Processes controlled by GPCRs include neurotransmission, cellular metabo-
lism, secretion, and immune responses. At present their functional mechanism
remains controversial and poorly understood: it is believed however that the
stoichiometry of these receptors is strongly correlated with their function. Ini-
tially GPCR receptors were thought to be monomeric. Several studies favor the
concept that GPCR form dimers and are not capable of signaling as indepen-
dent monomers. Recent single-molecule fluorescence studies have attempted
to solve this dilemma by suggesting that GPCRs form transient dimers with
a lifetime of ~100 ms. Yet questions remain regarding the physiological rele-
vance of these studies, since they have not been performed at physiological re-
ceptor densities.
Therefore we label individual GPCRs in HEK 293T cells at varying expression
levels using HaloTag-coupled dyes and record their fluorescence by single mol-
ecule total internal reflection fluorescence (smTIRF) microscopy. We are then
able to determine receptor stoichiometry dependent on receptor density by di-
rect observation and quantitative counting of the number of photobleaching
steps within a single receptor. After testing the method with receptors of known
stoichiometry, we apply it to study the oligomerisation state of the b2 adreno-
ceptor, the chemokine receptor CCR5 and the muscarinic receptor M1.
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Three-dimensional tracking of fluorescent particles has the potential of offering
scientists much more information pertaining to biological phenomena than can
be provided with two-dimensional tracking. In this work, we describe a tracking
algorithm that can be used in any optical configuration where a two- or three-
dimensional point spread function is sampled in space and time. We show pre-
liminary results from the application of this algorithm to three-dimensional
tracking of freely-diffusing fluorescent quantum dots in a confocal microscope.Further, using experimental data, we illustrate how the algorithm can maintain
tracking in low-SNR settings where high-background noise may be present or
where low-excitation power is required due to concerns of phototoxicity. We
describe the versatility of the algorithm
in tracking fluorescent particles of vari-
ous diffusion coefficients and velocities
by the adjustment of tuneable parame-
ters. Since the algorithm does not esti-
mate the position of the particle, the
user may choose any localization algo-
rithm on the resulting trajectories. In
our analysis, we use a GPS-like locali-
zation technique called fluoroBancroft
to estimate the particle position from
the resulting trajectories and describe
results from Monte Carlo simulations
that indicate optimal window sizes.2698-Pos Board B717
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X-ray free electron lasers in single molecule experiments hold the promise of
solving macromolecular structures. To that aim, reliable structure reconstruc-
tion from noisy scattering images with rigorous bounds for the statistical uncer-
tainty is required, which in fact represents one of the main challenges in the
field. I present an approach that uses the photon correlations of single x-ray
shots to reconstruct the original electron density. using the spherical harmonics
expansion of the Fourier transformation of the electron density, an analytic ex-
pression of the two and three photon correlation is derived. We demonstrate
that structural information can be derived from the correlations and estimate
the achievable resolution.
2699-Pos Board B718
Molecular Transport across the Hetero-Oligomeric Cell Wall Porins
Derived from Gram Positive Bacterium Nocardia Farcinica
Pratik R. Singh, Iva´n Ba´rcena-Uribarri, Roland Benz,
Kozhinjampara R. Mahendran, Mathias Winterhalter.
Jacobs University Bremen, Bremen, Germany.
Cell needs to perform selective and controlled transport of vital ingredients
to and from the cell to ensure its viability. These processes are regulated
by various protein channels present in the cell membrane. For example,
Gram-negative bacteria contains channels of nanometer dimensions that are
either specific to a certain molecule, eg. Maltoporin to maltose, or allow
a wide range of molecules to pass through the them, eg. OmpF. In contrast,
Gram-positive bacteria do not have large pore forming proteins in their outer
membrane. However, it has been studied that the class of bacteria such as
Mycobateria, Corynebacteria, Nocardia belonging to the order of actinomyce-
tales from Gram-positive bacteria have channel forming proteins in their outer
membrane mycolic acid layer. In this work we characterize the transport of
macromolecules across the cell wall porins of Nocardia farcinica, known to
be a dangerous pathogen causing Nocardiosis. An adequate method to
study properties of these channels is electrophysiology and in particular
analyzing the ion current fluctuation in the presence of permeating solutes
provides information on possible interactions with the channel surface. The
translocation of small solutes, such as sugars, peptides and antibiotics, through
the channel has been studied by ion current fluctuation analysis at single
molecular level.
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Counting absolute numbers of proteins is of major importance in biology. This
would help for example to resolve the stoechiometry of complexes, to observe
aggregation phenomena or to describe the minimal signal required for a specific
cellular response. The only existing tools available to biologists are bulk exper-
iments, crystallography or photobleaching steps. Each of these methods comes
with its own drawbacks: by comparing global mean values, bulk experiments
do not take into account quenching or differences of brightness in a population
of fluorophores; crystallography only studies the protein as a crystal and hence
in a totally artificial environment; finally, the detection of photobleaching steps
526a Tuesday, February 5, 2013requires a low density of relevant complexes and a low stoechiometry (up to
five monomers).
Based on a TIRF (total-internal reflexion fluorescence) single-molecule micros-
copy approach, we set out to optimise and characterise an original method to
precisely count absolute numbers of proteins in live cells.
We first characterise the photo-physics (contrast, blinking, dark state, pre-
activation, reversible activation, thermal or pH dependant activation, bleach-
ing, etc.) of different photo-activable dyes. Although a blinking fluorophore
allows multiple localization in PALM (photo-activable localization micros-
copy) or STORM (stochastic optical reconstruction microscopy) imaging, it
should be only counted once when counting is at stake. We also develop a
specific algorithm to avoid over- or under-counting single emitters. using a her-
pes simplex virus which capsid is tagged with exactly 900 photo-activable
dyes, we then characterised the precision of our technique. Finally, we show
the applicability of our approach to current questions in biology by investigat-
ing the oligomerisation state of various cell surface receptors in live T cells.
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The human gut hosts trillions of bacteria that directly influence human health.
The majority of these gut microbiota play an important role in nutrition by
metabolizing host-indigestible complex glycans into short-chain fatty acids.
Bacteroides thetaiotaomicron (Bt), a prominent bacterial symbiont in the distal
gut, metabolizes over a dozen complex glycans using membrane-associated
protein complexes. The Starch Utilization System (Sus) is the first recognized
multi-protein complex in Bt cells that is essential for growth on starch. Bt-Sus
uses eight proteins (SusRABCDEFG) to process starch; though, only SusD and
SusG are vital for cellular proliferation in the presence of starch. SusCDEFG
localize in the outer membrane and likely form a complex to facilitate starch
binding, degradation and import. However, conventional biochemical methods
have been unable to completely reveal the assembly and dynamics of these pro-
teins in response to starch. We have applied single-molecule super-resolution
imaging to characterize the Sus complex response to different sugars in live
Bt cells under anaerobic conditions. HaloTag-labeled SusG was tracked con-
currently with other fluorescent antibody-labeled Sus proteins. Our initial pro-
tein correlation studies demonstrated that simple sugars such as glucose or
maltose do not induce Sus complex assembly. On the other hand, incubation
of Bt cells with amylopectin, a constituent of starch, enhanced the colocaliza-
tion of Sus proteins suggesting starch-mediated assembly of the Sus complex.
Furthermore, we have used single-molecule tracking experiments to quantify
Sus protein movement in the presence and absence of starch in live cells.
We have discovered two distinct modes of SusG: a diffusing population and
a stationary population. This latter group is mainly observed for cells on
amylose-coated beads and is consistent with starch-bound SusG.
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Diffracted X-Ray tracking (DXT) method has been developed for obtaining dy-
namical information at single protein molecule level. The motion of an individ-
ual single gold nanocrystal can be observed by this method, which is linked to
specific site in the molecule, using a time resolved Laue diffraction technique.
This method needs a very strong X-ray source, so we continue to develop a com-
pact instrument with use of the electron beam instead of the X-ray. The Elec-
tron Back-Scattered Diffraction (EBSD) is adopted to monitor the Three-
dimensional (3D) crystal orientation of the gold nanocrystal. We call this the
Diffracted Electron Tracking (DET). For this purpose, we have developed
the wet cell using the very thin carbon sealing film for maintained atmospheric
pressure from high vacuum surroundings of a scanning electron microscope
(SEM), and confirmed that the EBSD pattern (EBSP) can be obtained from
the gold nanocrystals through the carbon sealing film of the wet cell. When
the gold nanocrystal moved by the motion of labeled molecules, the change
of the EBSP is observed. Moreover, we confirmed EBSP can be obtained
from 40nm diameter of commercial colloidal gold instead of gold nanocrystal.
The colloidal gold was more sensitive and more accurate to detect the motion of
linked molecule by reason of its good sphericity and well-regulated particlesize. Recently, we developed new configuration of the wet cell that might be
able to obtain EBSP without intensive electron damages. This method may con-
tribute to develop as a single molecular technology for fragile molecules by
electron irradiation. using this method, we are planning to detect rotational
motion of the chaperonin protein in the presence of ATP.
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In the last years, a wide range of microscopy techniques able to localize fluo-
rescent dyes with a few nanometers accuracy have been developed, opening
new avenues for super-resolution techniques such as STORM and PALM. De-
spite their power in pushing for higher spatial resolution all these techniques
show some limitations when applied to the study of proteins inside a living
cell. Some are limited by the small penetration depth of the fluorescence exci-
tation (TIRF configuration), some other by the low temporal resolution, while
looking at both diffusion and active transportation processes inside a cell re-
quires three-dimensional localization over a few microns range, high SNR im-
ages and high temporal resolution (ms order of magnitude). We developed an
apparatus which combines different microscopy techniques in order to satisfy
all the technical requirements for a nanometer accuracy 3D tracking of fluores-
cent single molecules inside living cells. To account for the optical sectioning
of thick samples we built up a HILO (Highly Inclined and Laminated Optical
sheet) microscopy system through which we can excite the sample in a wide-
field (WF) configuration by a thin sheet of light that is able to follow the mol-
ecule up and down along the z axis spanning the entire thickness of the cell with
a SNR much higher than traditional WF microscopy. Since protein dynamics
inside a cell involve all three dimensions we included a method to measure
the x, y, and z coordinates with nanometre accuracy, exploiting the properties
of the point-spread-function of out-of-focus quantum dots bound to the protein
of interest. Finally, a feedback system stabilizes the microscope from thermal
drifts, assuring accurate localization during the entire duration of the experi-
ment. (Fundings from Italian Ministry for Education, University and Research
in the framework of the Flagship-Project NANOMAX).
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Phycobilisomes (PBS) are light harvesting antenna complexes in cyanobacteria
and red algae. A PBS harvests light energy by using hundreds of phycobilin flu-
orophores that are evenly distributed in PBS disk components, and the captured
energy is believed to transfer to reaction centers in the thylakoid membrane via
a set of terminal emitter fluorophores. Although a pair of phycobilins located
within the two Lcm linker polypeptides and another pair in the core cylinders
have been proposed to be the terminal emitters, their locations in PBS have not
been measured. Utilizing single molecule fluorescence imaging and localiza-
tion measurements, we observed two fluorescence quantum bleaching events
in isolated PBS molecules attached to fused silica substrate. We identify these
events as the two ‘‘terminal emitters" located within the PBS core. By mea-
suring the separation of the two bleaching events, we determine the distance
between the two terminal emitters to be 7 nm. Surprisingly, the separation of
the two terminal emitters increases with the excitation light intensity from
7 nm to 20 nm, indicating that (i) the locations of terminal emitters are dy-
namic, and (ii) which may be a consequence of a new excess exposure protec-
tion mechanism of PBS by sterically mismatching the terminal emitters and
reaction centers’ energy transfer sites. Furthermore, we have observed a de-
crease in PBS fluorescence emission lifetime photon with increased exposure,
suggesting the existence of Non-Photochemical Quenching in PBS alone with-
out the involvement of Orange Carotenoid Proteins that is believed to be nec-
essary for PBS’ thermal dissipation of excess absorbed energy.
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RuBisCO Activase (Rca) is a protein that belongs to the AAAþ family of the
ATPases which utilizes the energy derived from ATP hydrolysis to release
firmly bound sugar phosphates from the active site of the Ribulose-1,
